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Abstract Multiple sclerosis (MS),. an 
autoimmune disease of the central 
nervous system (CNS) characterized 
by primary demyelination, is beheved 
to result from an autoimmune attack 
against myelin components. In view 
of their ability to induce experimental 
autoimmune encephalomyelitis (EAE), 
an animal model for MS. the quanUta- 
tively major myelin proteins - myelin 
basic protein (MBP) and proteoUpid 
protein (PLP) - have been extensively 
. -studied as th& relevant p.im.ai^^.antigens 
in MS, and therapeutic approaches 
have been targeted to counteract auto- 
immune reactivity to MBP and PLP. 
Accordingly, copolymer 1, a random 
synthetic amino, acid copolymer cross- 
reactive with MBP and highly protec- 
tive against the induction of EAE with 
MBP or PLP, is now being extensive- 
ly tested in clinical snidies as a thera- 
peutic agent for MS. However, mcreas- 
ing evidence suggests that autoimmune 
reactivity against other CNS-specific 
" myelin proteins could also be involved 
in the pathogenesis of MS. In this con- 
text we have demonstrated that penph- 
eral blood lymphocytes from patients 
with MS respond predominantly to 
_ myelin oligodendrocyte glycoprotem 
(MOG) rather than to MBP or PLP, 
suggesting an important role for cell 
reactivity against MOG in the patbo- 
genesis of MS. We have demonstrated 
that T-cell reactivity to MOG can also - 
be pathogenic by inducing neurological 
disease in H-2'' and H-2'' mice wi^ the 
same peptide of MOG. pMOG 35-55. 
Most interestingly, the expression of 



the disease differed with the different 
MHC backgrounds. Induction of a 
differentially expressed disease in 
different sttains of mice with the 
same myelin antigen makes this new 
model particularly relevant to MS, 
where different expression of the 
disease is seen in different patients. 
Therefore, notwithstanding the impor- 
tance of the autoimmune reactivity to 
MBP and PLP in MS, the potentially 
pathogenic autoimmune reactivity to 
MOG must now also be taken into 
• consideration in therapeutic approaches 
•to MS. In this context, we have inves- 
ticated the possible effect of copoly- 
m^er 1 treatment on autoimmune reac- 
tivity to MOG and on the development 
of EAE induced by MOG. Copolymer 1 
was found to inhibit the bindmg of 
MOG peptides to MHC molecules, as 
well as the proliferation of MOG- 
reactive T cells, in a dose-dependent 
manner. In parallel, injection of co- 
polymer 1 concomitantly with the en- 
cephahtogenic MOG peptide exerted 
a suong protective effect against the 
development of EAE. These prehmi- 
nary data on the effect of copolymer 1 
on the autoimmune response to MOG 
in mice indicate that copolymer 1 
may also be effective in cases of Mis 
where the autoimmune response to 
MOG prevails, and should therefore 
be further investigated in this context. 
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Multiple sclerosis (MS) is an inflammatory disease p£ the: . 
central nervous system (CNS) characterized by primajy 
demyelination with axon sparing, which manifests itself V 
clinically by moderate or severe neurological impairment 
depending on the form or stage of the disease. Accumula-. 
tion of activated T lymphocytes in early MS lesions or - 
plaques, as well as at the periplaque area and in suiiound- • 
ing normal-appearing white matter, strongly indicates tiiat 
immunological mechanisms are involved in the pathogen- 
esis of MS. In view of the restricted localization of MS. le- 
sions to the white matter, it is generally accepted that MS 
is a result of an autoimmune attack against myelin com- 
ponents. However, despite intensive efforts by many lab- 
oratories, the primary target antigen in MS has not yet 
been clearly identified. On the basis of their relative abun- 
dance, localization, and encephalitogenic activity, various 
myelin components have been investigated as possible 
target antigens (Table 1). Myelin basic protein (MBP) and 
proteolipid protein (PLP). the most abundant proteins of 
CNS myelin (30% and 50% of myelin proteins respec- 
tively), were found to be powerfully encephalitogenic, 
and MBP- and PLP-specific T cells are sufficient to cause 
experimental autoimmune encephalomyelitis (EAE), a 
well-accepted animal model for MS. Accordingly, MBP 
and PLP have been extensively studied as possible pri- 
mary target antigens in MS. 1. 
:•• EAE induced with MBP or' PLP can be blocked by. 
copolymer 1, a random synthetic amino acid copolymer 
composed of L-alanine. L-glutamic acid, L-lysine, and 
L-tyrosine. The highly protective effect of copolymer 1 
against MBP- or PLP-induced EAE has led to clinical tri- 
als of copolymer 1 as a therapeutic agent for MS. How- 
ever, although T-cell responses to MBP and PLP arc likely 
to be of importance in the course of MS, evidence for 
their sine qua non participation in the pathogenesis of the 
disease is still lacking, and' autoimmune responses to 
other myelin antigens may also play a major role m the 
initiation or progression of MS, In this context, increasing 
evidence suggests that myelin oligodendrocyte glycopro- 
tein (MOG), a quantitatively minor CNS myelin antigen 



located, at the surface of the outermost myelin lamella, is 
a relevant target antigen in MS . Consequendy. notwith- 
standing the importance of the autoimmune reactivity to 
MBP . and PLP in the pathogenesis of MS, autoimmune re- 
activity to MOG must now also be taken into considera- 
tibh in therapeutic approaches to MS. 

i' This article summarizes our studies on the autoimmune 
Tbactivity to MOG in MS and the encephalitogenic activ- 
iVof MOG; these studies suggest that autoimmune recog- 
nition of MOG may play an important role in the patho- 
genesis of MS. This article also presents our preliminary 
data on the efficacy of copolymer 1 in blocking MOG- 
induced disease. 



Relevant biochemical features of MOG 

MOG has been identified as the antigen recognized by the 
monoclonal antibody 8-1 8C5 induced by rat cerebellar 
glycoprotein preparation [23]. MOG was demonstrated by 
bnmunohistochemistry to be located on oligodendrocyte 
surfaces and in the outennost lamellae of myelin sheaths 
16 21 24] It appears to be a specific antigen of the CNS, 
as' no' reaction of anti-MOG antibodies with peripheral 
nerve has been detected [21. 23], and the expression of 
MOG mRNA was recently shown to be restricted to CNS 
tissue [9, 27]. Analysis of its sequence indicates that 
MOG is a member of the immunoglobulin superfamily, 
albeit an unusual member in that it has two transmem- 
brane domains [9. 21], a feature at least partly responsible 
for its highly hydrophobic character. MOG seems to-be-pre- < 
sent in all. mammalian species examined so far [5, 21, ZJ. 
24] but is apparently not expressed in non-mammalian 
vertebrates [5]. MOG is present in very small amounts m 
CNS myelin, representing about 0.01-0.05% of myehn 
proteins [2];The function of MOG is unclear. However, 
because of its localization on the surface of the myelin 
sheath [6], together with the fact that it is a late marker of 
oligodendrocyte mamration [34] and that its expression 
coincides with late stages of myelination [21. 23, 27], its 
role has been postulated to be that of a signal to attest fur- 
ther myelination [5, 9] and maintain myehn integnty [27 J. 
We have further speculated that, in view of its exclusive 



Table 1 Possible target anti- 
gens in multiple sclerosis (MS) 



Antigen CNS PNS Location 



Percent in 
CNS myelin 



Demye- T-cell 
linating reactivity 
antibodies in MS 



MBP 


+ 


+ 


Myelin 


-30% 


+ 


_ + 


PLP 


+ 


+ 


Myelin 


-50% 




+ 


MOG 


+ 




Myelin 


0.01-0.05% 




+++ + 


MAG 
SIOOB 


+ 


~ + 
. + 


Myelin 
Astrocytes, 


-1% ' 


± 


± ■ ±. 
? 7 






Schwann and 














Muller cells 






-H- ?• 


GalC 




+ 


Myelin 


20-25% 


±(7) 



expression in the CNS. MOG (a member of the immuno- 
globulin superfamily [9. 27]) may play a role the adhe- 
sion between neighboring myelinated fibers *at, mjhe 
CNS, are not isolated from each other by abasal lamma 85 
in the peripheral, nervous system (PNS) but appear m 
close contact with each other; MOG could therefore bein- 
volved in the maintenance of axon bundles m 0>e 
[7] As a consequence, autoimmune recognition of MUU 
could be a major determinant in autoimmune CNS dis- 
ease resulting in destabilization of white matter strucnire. 



Antibodies to iflOG have demyelinating actWity 

In vivo smdies 



In acute EAE produced in Lewis rats by mjection of pun- 
fied MBP or by passive transfer of monospecific MBP- 
reactive T cells, there is little or no demyelination de- 
spite widespread inflammation [29]- However, exten- 
sive CNS demyelination can be induced in these animals 
by intravenous injection of purified monoclonal anii- 
MOG antibodies, at the time when the blood-brain bamer 
is breached [28, 32]. Intravenous injection of the anti- 
MOG antibody alone in control animals had no effect, nor 
did injection of nomial mouse IgG in EAE animals In 
other forms of EAE, similar treatments with anti-MOG 
antibody lead to increased severity of the disease and aug- 
mentation of demyelination [18. 24] Further evidence 
that the presence of anti-MOG antibody 'wrthm the CNS 
causes demyelination comes from experiments where in- 
trathecal injection of 8-1 8C5 in normal rats >nduc^d de- 
mvelinating lesions on the surface of the spinal cord [I /J. 
In addition, the possible involvement of MOG as a target 
antigen in demyelinating diseases is shown by the pres- 
ence of anti-MOG antibodies in guinea pigs with chrome 
relapsing EAE [22] and the occurrence of cross-reacUve 
idiotypes on these specific autoantibodies [11]. Most im- 
portmitly, in chronic relapsing EAE. serum demyelinatmg 
activity (assayed in vivo by intrathecal injection of nomfial 
rats) correlates with anti-MOG antibody titer [22] In ad- 
dition, the aforementioned smdies suggest that although 
MOG is present in low amounts in myeUn [2. 23], it must 
have a high immunogenic potential, since immunization 
with whole CNS tissue homogenate generates detectable 
levels of anti-MOG antibodies [22]. 



initiate demyelination in CNS culmres [29], the presence 
in EAE sera of detectable anti-glycolipid antibodies is not 
a prerequisite for demyelination m vitro [20] or m vivo 
[331 This indicates that antibodies directed agamst other 
myelin antigens must also be involved in the demyelina- 
tion process [33]. In this context, it is notewortiiy that 
EAE sera devoid of reactivity agamst MBP, PLP- 
cerebrosides but containing antibodies agamst the CNS 
myelin glycoprotein M2 have been shown to demyelmate 
CNS cultures [19, 20]. Indeed, on the basis of immuno- 
logical cross-reactivity, tissue .^^ ':ellular locahzation 

and molecular weight, M2 P^^J^o^t^Vf ^'Snr ^?oH^^^^^ 
et al ri9 211 has now been identified as MOG [10, 21J. 
The idea 'that in vitro demyelination by EAE sera may be 
attnbuted to anti-MOG antibody activity is fo^Sg: Jj^P: 
ported by the specific dose-related demye linaUng effect of 
purified monoclonal anti-MOG antibody m fetal rat brain 
a^CTeEatine cell cultures [13]. . 
'?n MS anti-MOG antibodies and secreting B cells 
have been reported in blood and cerebrospinal fluid [36, 
39] Although.MS immunoglobulins can mduce myelmol- 
ysis [12], the specificity, of the demyelinating antibody 
has not been determined. 



In vitro studies 

Although antibodies directed against _the major myelin 
proteins, MBP and PLP. are present in demyelinatmg 
EAE sera, polyclonal antibodies raised agamst the iso- 
lated proteins MBP. PLP, and myeUn-associated glycopro- 
tein (MAG) do not demyelinate CNS tissue cultures [10]. 
While antibodies directed against myelin glycobpids do 



Analysis of the T-cell response to 7««n ^"«g«"« 
predominance of autoimmune reactivity to MOG 

In view of the encephaliiogenic activity P^^fied MBP 
.and PLP-and..more specifically, because ^^P- °' PLP 
specific T cells are sufficient to cause EAE 4, 16, 26 31 , 
38 ti^ese two most abundant myelin protems have been 
;eg;rded as prime candidate antigens to ^l^cit relevant nn- 
..c,,nr,c:eq in MS and T-ce reactivity to these 
TyL rgen" n Mfh. been extensively investigated. 
SoCver, cLtroversid results indicate that^ althoug^^^^^^ 
dfic responses to these antigens are bkely to be of impor- 
tance in the course of the disease, they may not represen 
the primary response involved in the padiogenesis [30] It 
has rSnUy been acknowledged that autoimmune recog- 
nition of quantitatively minor myelin autoantigens m MS 
7Z also play a major role in disease initiation or pro- 
grision. Because of their low abundance these antigens 
£e difficult to obtain in a highly punfied form and in suf- 
ficient quantities; hence the paucity of reports investigat- 
ing T-cell reactivity to quantitatively mmor myehn com- 
ponents. MOG. a highly hydrophobic inolecule present m 
IZ small quantities in CNS tissue [2. 9], is extremely 
Suit and cumbersome to puri^ in the qu-ti^ 
quaUty required to analyze specific T-ceU reactivi^^^^^ 
standard assays. However, in one study where problems 
asTocSted witii purification of MOG were circumvented 
by using an imr^unospot assay to detect interferon 7^^ 
cretion by antigen-specific ^y-^P mts'S t^e 
T ceUs were observed in P^npher J blood of most ot 
4 patients studied, whereas only 25% of the 28 controls 



Table 2 Reactivity to myelin 
antigens by peripheral blood 
lymphocytes (PBLs) from MS 
patients: predominant response 
to MOG (+ 2 < Sl< 3, 
++3<SI<5. +++5<SI<10, 
++++ SI > 10; relapsing- • 
remitting, CP chronic progres- 
sive). Adapted from Kerlero 
de Rosbo et al. [14], by 
copyright permission of 
The American Society for 
Clinical Investigation 



Patient no. Sex, age ' Diagnosis Type 



Proliferative response of PBLs to 











MOG 


MBP 


MAG 


PLP 


MSI 


F,43 


Definite 


RR 


++ 


■ - 


- 


- 


MS2 


F, 33 


Definite 


RR 


++ 


+ 


- 


- 


MSB 


F,41 


Probable 


? 


- 


- 


- 


- 


MS4 


F,48 


Definite 


CP 


++++ 


- 


- 


- 


MS5 


F,55 


Probable 


RR 


_ 


- 


- 


- 


MS6 


F,66 


Definite 


RR 


+++ 


++ 


- 


+ 


MS7 


F,46 


Definite 


RR 


_ 


■ - 


- 


- 


MS8 


F,46 




RR 


_ 


- 


- 


- 


MS9 


F,40 


Definite 


RR 


+ 


- ■ 


•- 


-• 


MS 10 


M, 44 


Definite 


RR 


- 


+ 


- 


-. 


MSIl 


F, 17 


E>efinite 


RR 


+ 


+ 


- 


++ 


MS 12 


M. 55 


Definite 


CP 


- 




- 


- 


MS 13 


F,42 


Definite 


RR 


- 


- 


- 


- 


MS14 


F,40 


Definite 


RR 


++ 


- 


- 


- 


MSI3 


F.46 


Definite 


RR 


- 


- 


- 


- 


MS16 


F. 51 


Definite 


RR 


_ 


- 


- 


- 


MS 17 


F.42 


Definite 


RR 


_ 


- 


- 


- 


MS18 


■ F.36 


Definite 


RR 


+ 








MS 19 


M.33 


Definite 


RR 


+++ 








MS20 


F. 43 


Defmite 


RR 


+++ 








MS2I 


M,52 


Defmite 


RR 










MS22 


M.47 


Definite 


RR 










MS23 


M,S6 


Definite 


CP 










MS24 


F.50 


Probable 


RR 


+++ 


++ 


ND 






MOO MBP MAG PLP 

Stimulating antigen 



Fig.1 Summary of responses to myelin antigens by multiple scle- 
rosis {MS) and control peripheral blood lymphocytes (/"flLs) [14] 

showed reactivity [36]. We have been successful in puri- 
fying MOG to homogeneity [1] in amounts sufficient to 
investigate the T-cell proliferation to MOG in MS [14]. 
Thus, the proliferative response to highly purified human 
MOG by peripheral blood lymphocytes (PBLs) of patients 
with MS was investigated in the context of reactivity to 
other highly purified myelin antigens such as MBP, PLP, 
and MAG [14]. TTie greatest incidence of proliferative re- 
sponse by MS PBLs'was to. MOG, as 11 out of the 24 pa- 
tients tested reacted, and of these, 8 reacted exclusively to 
MOG (Table 2). In contrast, only one control individual 
but of 16 tested reacted to MOG. The incidence of re- 
sponses by PBLs of MS patients to MBP, PLP, and MAG 



was low, as 5, 2, and 0 patients, respectively, reacted to 
these antigens; the frequency of these .responses did i}ot_ 
differ greatly between MS patients and controls (Fig. 1). 
These data, which indicate that T-cell reactivity to MOG 
is predominant in MS, strongly suggest that cell-mediated 
immune response to this antigen plays an important role 
in the pathogenesis of this autoimmune disease. However, 
the encephalitogenic activity of MOG must be unequivo- 
cally demonstrated before assigning a pathogenic role to 
autoimmune reactivity to MOG. 



Encephalitogenic activity of MOG: different expression 
of disease in mice with different MHC bacligrounds 

To ascertain whether the T-cell reactivity to MOG that we 
observed in MS patients [14] is potentially pathogenic and 
estimate the extent to which autoreactivity to MOG may 
play a role in the pathogenesis of MS, we investigated the 
potential encephalitogenic activity of MOG in mice [15, 
25]. In view of the inherent difficulties encountered in pu- 
rifying MOG, MOG peptides (pMOG) predicted to repre- 
sent potential T-cell. epitopes were synftesized and. tested 
for their ability to induce T-cell response and neurological 
disease in mice. Figure 2 summarizes our preliminary re- 
sults on the T-cell response to these peptides, with some 
delineation of the epitopes recognized as well as the en- 
cephalitogenic activity of the peptides. All strains of mice 



so far tested - PL/J (H-2"), SJL/J (H-2»). C57BU6J (H-i"). 
and C3H.S W (H-a") - were able to mount a T-cell response 
to at least some of the five MOG peptides synthesized. 
T^jell lines that could be raised to the same peptide in strains 
of different MHC backgrounds appeared to differ in their 
epitope definition, e.g., tiie epitope for pMOG 35-55- 
reactive T cells from PL/J mice could be located to the 
N-terminal pMOG 36-45, while pMOG 35-55 T cells se- 
lected from SJyi mice recognized an epitope within the 
C-tenninal pMQG 44-55 [15]. In mice of the same MHC 
background, however, T-cell lines could be raised to the 
same peptides and apparently recognized the same epitope; 
e.g.. pMOG 40-55 is recognized by pMOG 35-55-specific 
T cells from C57BL/6J and C3H.SW 0^-2") mice [25]. 

As can be seen in Fig. 2, one peptide, pMOG 35-55, 
appears to be strongly immunogenic, as it induced a pri- 
mary T-cell response from which a line could be raised in 
all strains tested [15, 25]. Most importantly, pMOG 35-55 



was the only MOG peptide that could induce a neurologi- 
cal disease. Of die mice from the five strains tested - 
SJL/J (H-2'). PL/J (H-2"), B10.pl (H-2''), C57BL/6J 01-2"), 
and C3H.SW (H-2'') - SJL/J mice were the only ones that 
did not develop a neurological disease following immu- 
nization with pMOG 35-55. It should be noted, however, 
that SJL/J mice develop "classical" EAE upon injection 
with pMOG 92-106 [3]. In H-2'' mice, the disease pre- 
sented as chronic, classical EAE wiUi caudo-rostral as- 
cending paralysis and neuropathology comparable with 
that observed in. EAE induced with MBP or PLP, except 
that the disease was consistently non-remitting [25]. 
These features differ markedly from those of the disease 
induced with pMOG 35-55 in PL/J mice, where the de- 
layed onset and atypical expression and progression of the 
clinical signs are more reminiscent of MS [15]. Hence, in 
different mouse strains, the same MOG peptide can in- 
duce typical EAE characterized by ascending paralysis or 



< Fig. 2 Scheme summarizing 
the T-cell reactivity to MOG 
peptides representing predicted 
T-cell epitopes, in mice with 
• different MHC backgrounds 
[15, 25]. Adapted in part from 
Kerlero de Rosbo et al. [15] 

Fig. 3 Clinical expression of ► 
MOO-induced disease in H-2" 
and H-2" mice [15, 25]. The 
clinical signs for MOG- 
induced disease in H-2"' mice 
are spoied on a different scale 
in view of the atypical clinical 
expression of the disease in 
these mice [15]. Adapted in 
part from Kerlero de Rosbo et 
al.[15] 




92 232 246 

Days after first injeclion 



atypical EAE with unpredictable clinical signs (Fig. '3). 
pMOG 35-55-reactive T cells from H-2'' and H-2'' mice 
were sufficient to induce severe clinical and pathological 
disease upon transfer into their respective naive syngeneic 
recipients ([25]; unpubUshed data). Rather interestingly, 
passive transfer of pMOG 35-55 T cells also resulted in a 
different clinical expression, as observed with the disease 
induced by the peptide ([25]; unpublished data). 

As shown in Fig. 2, attempts were made to delineate, 
within pMOG 35-55, the minimal epitope encephalito- 
genic for H-20 and H-2" mice. Although further studies are 
required to define precisely the borders of these epitopes, 
the minimal epitopes responsible for induction of disease 
in H-2>' and H-2" mice are obviously different. Thus, 
pMOG 35-55-reactive T cells selected from C57BI76J 
mice reacted with pMOG 40-55 but not with pMOG 
36-45, and pMOG 40-55 was strongly encephalitogenic 
in these mice [25]. Conversely, pMOG 35-55-reactive 
T cells selected from PL/J mice did not react with pMOG 
40-55 but recognized pMOG 36-45 [15]. Accordingly, 
pMOG 40-55 did not induce disease in PL/J mice [15], 
and pMOG 36-A5 did not induce disease in H-2'' mice 
[25]. Thus, with pMOG 35-55 as the encephalitogen. the 
epitope recognized may determine the development of a 
differently expressed disease in these mouse strains with 
different MHC backgrounds. These data, which demon- 
strate unequivocally the encephalitogenic activity of MOG, 
support our contention that MOG is an encephalitogenic 
protein, similar to MB? and PL?, and that autoimmune re- 
activity 'tb MOG may play an important role in autoim- 
mune CNS disease pathogenesis. In addition, the two 
types of disease induced in different mouse strains with the 
same MOG peptide may be particularly useful as models 
for MS. Such differential expression of MOG-induced 
disease is likely to be most relevant to MS research and 
therapy, in view of the possible parallel with the clinical 
expression of MS, where neurological impairment can 
vary significantly from patient to patient. The unpre- 
dictable clinical features of the disease induced by MOG 
in PL/J mice resemble those of MS more than those of 
classical EAE, suggesting that MOG-induced disease may 
prove to be a fairly good animal model for MS. On the 
other hand, the unremitting clinical course of chronic 
EAE induced by MOG in H-2>' mice will provide an ex- 
cellent, reliable model to investigate therapeutic approa- 
ches to MS. 



activity" vnth MBR Recenfly, copolymer 1 was also 
shown to effectively block EAE induced by PLP (unpub- 
lished data). As mentioned above, we have demonstrated 
that the reactivity to MOG in MS may predominate over 
the reactivity to MBP, PLP, or MAG [14]. Our data on 
MOG-induced disease in mice provide indisputable evi- 
dence that T-cell reactivity to MOG can be pathogenic and 
may thereby play a major role in the pathogenesis of MS. 
Accordingly, autoimmune reactivity to MOG must now 
be taken into consideration in therapeudc approaches to 
MS. It is therefore of major importance, in view of the im- 
minent recognition of copolymer 1 as a treatment for MS, 
to investigate and monitor the effect of copolymer 1 on 
T-ceU reactivity to MOG and on MOG-induced disease in 
order to predict better the efficacy of copolymer 1 in the 
therapy of MS, particularly in cases where reactivity to 
MOG prevails. We have obtained preliminary results indi- 
cating that the effect of copolymer 1 on autoimmune reac- 
tivity to MOG is similar to its effect on autoimmune reac- 
tivity to MBP or PLP. The immunological mechanisms in- 
volved in the inhibition are still unclear. 

Copolymer 1 inhibits in vitro T-cell response to MOG 

The in vitro effect of copolymer 1 on the proliferative re- 
sponse to MOG was tested using highly specific, MOG- 
reactive T-ceU lines. As can be seen in Fig. 4, copolymer 1 
inhibited the proliferation of MOG-reactive T cells m a 
dose-dependent manner, which is similar to what has been _ 
observed for the in vitro proliferative T-cell response to 
MBP and PLP. In- the attempt to understand the possible 
mechanism of the inhibitory action of copolymer 1, its 



Effect of copolymer 1 on 



reactivity to MOG 



Clinical .trials of the effectiveness of copolymer 1 as a 
therapeudc agent for MS are being conducted at several 
centers. The incentive to treat MS with copolymer 1 has 
come primarily from the demonstration of its highly pro- 
tective effect agamst EAE induced by MBP [35, 37]. This 
protection is believed to occur via "suppressive cross-re- 




Copolymer 1 (ng/mL) 



Fig 4 Copolymer 1 inhibits in vitro T-cell response to MOG. 
dMOG 67-87-reactive T ceUs raised in SJL/J mice were cultured 
in the presence of pMOG 67-87 (2.3 and 3.0 lig/ml) as described 
previously [15], in the presence or absence of copolymer 1 (3.0 
and 25.0 jig/ml). [^H] Thymidine (1 nCi/well) was added for the 
last 16 h of the incubation and the cultures were harvested and 
counted using a Matrix 96 Direct beta-counter (Packard Instr.. 
Meriden. Conn.). The proliferative response is measured as the 
PH] thymidine incorporation expressed as mean counts per mmuie 
(cpm) of triplicate cultures. Similar results were obtained with 
pMOG 35-55 specific T cells 



Table 3 Copolymer 1 (Cop 1) inhibits binding.of MOG peptide to 
MHC class n. Analysis of the bmding of biotinylated pMOG to 
MHC class n molecules and inhibition of binding by copolymer 1 
and and-MHC antibodies were performed as described previously 
[8], using splenic macrophages isolated from C57BL/dJ (H-2'') 
mice 



pMOG 


% Binding in the presence of 


% Binding 
inhibition by 






None Cop 1. anti- anti- 
I-A" I-A'. 


Cop 1 anti- 
I-A" 




35-55 


63 26 26 60 


59 59 


4 


40-56 


55 20 22 56 


63 60 


0 


44-56 


23 12 ' 12 25 


48 48 


0 



effect on the binding of MOG peptide to MHC was asses- 
sed. Table 3 shows that copolymer 1 competes with MOG 
peptides for binding to MHC class II molecules to the 
same extent as the specific anti-MHC class II antibodies. 



Effect of copolymer 1 on MOG-induced disease 

The protocol followed in a pilot study to investigate the 
effect of copolymer 1 on MOG-induced EAE in H-2'' 
mice was the same as .that used to demonstrate inhibition 
of MBP-induced EAE. Thus, copolymer 1 was injected 
concomitantly with the encephalitogenic MOG peptide 
emulsified in complete" Freund's adjuvant.-The prelimi- 
nary data suggest that copolymer 1 may also exert an in- 
hibitory effect on the development of MOG-induced EAE 
in H-2'' mice. The onset of the disease was generally re- 
tarded, with significantly milder clinical manifestations as 
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compared with the control group injected with pMOG 
35-55 only. In addition, 3 of the 10. mice treated with 
copolymer 1 were fully protected against disease induc- 
tion. Interestingly, D-Cop 1, a control copolymer com- 
posed of the same four amino acids as copolymer 1 but in 
the D-configuration, had a rather enhancing effect on the 
disease. Further studies with various protocols are needed 
to define the conditions required to fiiUy inhibit the disease. 



Conclusion 

Several observations strongly suggest that autoimmunity 
to MOG plays an important role in MS and must be taken 
into consideration in therapeutic approaches. First, T-cell 
response to MOG in MS can predominate over that to 
other myelin proteins - MBP, PLP, and MAG. Second, the 
strong encephalitogenic activity of MOG in mice un- 
equivocally demonstrates that autoimmune reactivity 
against MOG in MS is potentially pathogenic. Third, the 
differential expression of MOG-induced disease in mice 
with different MHC backgrounds may reflect differences 
in expression of MS in different patients. Fourth, in con- 
trast to the other encephalitogenic proteins (MBP and 
PLP), MOG is apparently CNS-specific, a fact particu- 
larly pertinent to MS, which is strictly a CNS disease. 
MOG therefore appears to be a highly relevant target anti- 
gen in MS. Accordingly, immune-specific approaches to 
MS therapy should take autoreactivity to MOG into con- 
..si.deration.-Our preliminary data, which seem to indicate 
that copolymer 1 inhibits MOG-induced disease in mice, 
strongly suggest that copolymer I should be investigated 
further in terms of its effect on the autoimmune response 
to MOG. 
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